Chapter VIII

EXPOSURE INDEX DEVELOPMENT

A potential 1link of clinical end points with herbicide exposure can be
tested within the Ranch Hand cohort by using a measure of exposure (exposure
index). 1In general one would search for increasing indications of 1liness at
higher levels of exposure. However, exceptions to this assumption of a consis-
tently increasing dose-response curve are possible through a variety of bio-
medical mechaniams. )

The exposure index used in this report relates to the TCDD-containing
herbicides: Herbicide Orange, Herbicide Purple, Herbicide Pink and Herbicide
Green. Archived samples of Herbicide Purple suggest that the material had a
mean TCDD concentration of approximately 33 ppm and that Herbicide Orange had a
mean concentration of 2 ppm. Herbicides Pink and Green contained twice the
TCDD of Herbicide Purple and therefore have been estimated to contain TCDD at a
concentration of approximately 66 ppm.

The index used in this report is written below:

Gallons of TCDD-

TCDD Containing Herbicide 1
Ej = {Weighting} x Sprayed in the RVN X
Factor Theater During the Number of Airmen with Subject's
ith Subject's Tour Duties in the Vietnam Theater

during the ith Subject's Tour

The TCDD Weighting Factor is 24.0 or 1.0, depending on whether the material
sprayed was sprayed before or after 1 July 1965. The weighting factor of 1 is
used for the periocd after 1 July 1965, as the HERBS TAPE and other documentati-
on (Young et al, 1978) show only Herbicide Orange being disseminated by Air
Force-flown, fixed-wing aircraft at that time. Prior to 1 July 1965, procure-
ment records and dissemination information show that a combination of Green,
Pink and Purple was procured and sprayed by Air Force individuals in Vietnam.
Using available data (Young et al, 1978) on gallons of Green, Pink and Purple
procured and sprayed, a mean of 48.0 ppm was established for the time period
prior to 1 July 1965. Dividing by 2 to normalize to Herbicide Orange, the
weighting factor becomes 24.0 (i.e., 48/2 = 24/1).

The dates of each subject's tour(s) in the Republic of Vietnam were deter-
mined by a manual review of military records. The HERBS TAPE was used along
with Contemporary Historical Evaluation and Combat Operations (CHECO) Reports
and quarterly operations reports to construct a table of gallons of TCDD-con-
taining herbicide sprayed for each month during the  operation. These data are
shown in Table VIII-1. For Herbicide Orange missions actual galleons are shown;
while for Herbicides Purple, Pink and Green the factor of 24.0 is already
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included making these effective Herbicide Orange or equivalent Herbicide Orange
gallons (TCDD at 2 ppm). The CHECO Reports and quarterly operations reports
were used in addition to the HERBS TAPE, as the HERBS TAPE currently available
does not list all pre-1965 spray missions. Again, only fixed-wing spray mis-
sions are compiled in Table VIII-1, as Ranch Hand personnel were not involved
with helicopter and other spraying (e.g., backpack). Also provided in Table
VIII-1 are Ranch Hand manning in each occupational category by month, as
derived from a review of military recordas. A computer program was written to
address this table with each subject's tour dates to the nearest month, to
calculate his exposure index in effective or equivalent Herbicide Orange
gallons.

The exposure index reflects the effective number of gallons of Herblcide
Orange to which the airman was potentially exposed, where exposure to the
higher TCDD-containing herbicides (Purple, Pink, Green) has been properly
weighted to place them on the same footing as Herbicide Orange.

As seen by examining the above index definition, the index developed should
correlate with the individual's exposure but cannot be an exact measure of
actual exposure or body burden. The index is an estimate only, since TCDD con-
centration is known to have varied across herbicide lots, and since the index
does not reflect exceptional exposures such as aireraft hits by enemy fire or
dumps (these events are essentially assumed equally distributed). Additionally,
the index reflects potential exposure only and does not address specific and
determining details of the actual contact. While the index certainly contains
errors when applied to judge the exposure of a specific individual, in studying
groups of - individuals epidemiologically, as in this report, these individual
errors are expected to balance out or statistically cancel to a great extent,
providing some degree of useful inference.

The numeric exposure index calculated by the procedure described above was
subsequently categorized into 3 levels (Low, Medium, High) for use in statisti-
cal analyses; and, this categorization was accomplished in a different manner
for each Ranch Hand occupational category in order to optimize study capability
to detect a herbicide effect. Detalils of the exposure categorization are as
follows.

The study design called for 5 occupational categories: (a) officer-pilot,
(b) officer~-navigator, (c) officer~other, (d) enlisted-flying, and (e)
enlisted-ground. For all exposure index analyses presented in this report,
only 3 occupational categories are employed. Specifically all officers were
combined into 1 class titled "officer". This combination was accomplished
since navigators and pilots were exposed in the same manner, and since indivi-
duals in the "officer-other" category were administrators whose exposure was
considered effectively zero. Additionally, in the enlisted-ground group, all
administrative personnel were assigned a 2zero exposure value. Under these
basic rules, the categorizations shown in Table VIII-2 were developed. A very
balanced membership in each occupational category has been provided for each
exposure level, optimizing statistical ability to detect a herbiclde effect if
one exists.
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Table VIII-2

EXPOSURE INDEX CATEGORIZATION

Effective
Herbicide Orange

Number of Ranch Hand

Exposure Gallons Corresponding Participants
Category to Exposure Category in Exposure Category
Low $ 35,000 140
Med 35,000 - 70,000 150
High > 70,000 151
Low s 50,000 67
Med 50,000 - 85,000 70
High > 85,000 66
Low s 20,000 185
Med 20,000 -~ 27,000 186
High > 27,000 207
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